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1
PULMONARY MODULATOR APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATTONS

Not Applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

REFERENCE TO A MICROFICHE APPENDIX
Not Applicable

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains generally to respiratory ventila-
fion devices, and more particularly to a constant flow
pulmonary modulator which can be adapted to a number of
applications including (1) a respiratory device used for the
automatic resuscitation and transport of patients, (2) a posi-
tive pressure aerosol delivery device, and (3) a percussive
therapy device used for the mobilization of mucus.

2. Description of the Background Art

A Tundamental aspect of providing respiratory care to a
patient 1s the ability to provide ventilatory support to
patients requiring respiratory assistance. Ventilatory support
1s typically provided by clinicians through the use of a
manual resuscitator or an automatic ventilatory device.

Manual resuscitators are typically equipped with a self-
inflating bag, a set of check valves which control the
direction of inhalation and exhalation gases, and a patient
interface which 1s usually either a face mask or a port for
connection to an endotracheal tube. Manual resuscitators are
usually supplied with a continuous flow of gas containing a
known percentage of oxygen. The operator of a manual
resuscitator inflates the patient with oxygen enriched air by
squeezing the self-inflating bag thus applying pressure and
causing gas to flow 1nto the patient’s lungs. Inhalation ends
and exhalation begins when the operator stops squeezing the
bag, allowing the pressurized gas in the patient’s lungs to
escape to the ambient environment. Most manual resuscita-
fors are equipped with the means to maintain a small
minimum positive pressure on the patient’s lungs through-
out exhalation commonly called Positive End Expiratory
Pressure (PEEP). During exhalation, the self-inflating bag
reintlates and the process may be repeated. Manual resus-
citators are simple and inexpensive. Unfortunately, manual
resuscitators are easy to misuse. A large number of studies
have recently been published which show that 1rregardless
whether the operator of the manual resuscitator 1s a
physician, respiratory therapist or nurse, patients receive
volumes of gas per breath (tidal volume) which are too small
and respiratory rates which are too quick. This has been
shown to create significant adverse effects on patients.

Automatic ventilatory devices (ventilators) were origi-
nally developed to deliver a set amount of volume to the
patient 1n a set amount of time with little patient monitoring,
capability. In the last 25 years different modes, mncluding
pressure control, and increased monitoring capabilities have
been added, leading to the modem transport ventilators of
today. Most ventilators still use volume and time cycled
ventilation modes which operate by delivering to the patient
pre-set amount of volumes or constant flow for pre-set
amounts of time, regardless of the patient’s lung compli-
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ance. Lung compliance 1s prone to sudden changes during,
transport, potentially causing patient airway pressures to

increase to the point that they will severely injure the patient.
Pressure cycled ventilation and pressure control are newer
modes of ventilation used to deliver ventilatory support to
the patient and which have a number of distinct advantages
over volume and time cycled ventilation modes. Pressure
cycled ventilation functions by switching to exhalation from
inhalation when a certain pressure 1s reached, regardless of
the volume delivered; thus volumes of gas delivered to the
patient vary with variances in lung compliances, preventing
the patient from receiving a harmiul amount of pressure and
Insuring appropriate ventilation of the patient.

Modern transport ventilators are battery or pneumatically
powered and equipped with numerous ventilation modes,
including pressure cycled types of ventilation, various flow
control functions, multiple alarm monitoring functions and
are also capable of detecting and synchronizing with the
patient’s breathing efforts. Although current transport ven-
tilators provide consistent, safe and reliable ventilation, they
are extremely expensive. Additionally, the disposable acces-
sories that are required to be used with these ventilators can
sometimes cost as much or more than a manual resuscitator.
To reduce the high capital costs of these devices, some
manufacturers have returned to offering simplified time
cycled volume ventilators without any of the standard
monitoring, control and alarm features of typical ventilators,
nor the option of pressure cycled ventilation. These devices
are often classified as automatic resuscitators and, 1n addi-
tion to not being as safe, still cost thousands of dollars and
require the use of additional disposables or parts which
require sterilization before being reused. In today’s envi-
ronment of medical cost containment, hospitals and other
medical providers have, for the most part, balked at the cost
of transport ventilators and the training of additional per-
sonnel 1t would require.

Therefore, a need exists for a ventilator technology which
1s as consistent, safe, and reliable as current transport
ventilators but as inexpensive and easy to use as manual
resuscitators. The present invention satisfies those needs, as
well as others, and overcomes the deficiencies 1n prior
technology.

BRIEF SUMMARY OF THE INVENTION

The present 1nvention generally comprises a pressure
pulmonary modulator apparatus which will mflate and dis-
charge any pneumatic capacitance for a wide range of
frequencies when provided with a constant flow of gas. In a
first embodiment, the patient’s lungs serve as the pneumatic
capacitance, which 1s cyclically inflated and discharged
(inhalation followed by exhalation), thus providing constant
flow, pressure cycled ventilatory support to patients requir-
ing respiratory assistance. Such an embodiment of the
mvention 1s as safe, effective and reliable as transport
ventilators with the ease of use and associated cost of a
manual resuscitator.

In a second embodiment, the pressure pulmonary modu-
lator 1s 1in fluid communication with an attached pneumatic
capacitance which may be caused to cycle at a variety of
frequencies, thus providing a different type of ventilatory
cilect on the patient which 1s 1n constant fluild communica-
fion with the primary cavity of the pressure pulmonary
modulator. The pulmonary capacitance may be configured to
oscillate at frequencies up to approximately 25 Hz during
the patient’s exhalation, which has been shown to mobilize
retained endobronchial secretions of patients suffering from
congestion.
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Either embodiment may be used in conjunction with a
nebulizer, providing therapeutic relief, in addition to the
delivered ventilatory support. In either embodiment, com-
pressed air or oxygen 1s delivered directly to the pneumatic
capacitor, thus charging the pneumatic capacitor. During
discharge, all gas flows through the pressure pulmonary
modulator. The invention cycles the pneumatic capacitor by
controlling at what pressure charging ends and discharge
begins and at what pressure discharge ends and charging
begins. The duration of charging 1s controlled by the flow
rate of 1ncoming air/oxygen and 1s affected by the compli-
ance of the pneumatic capacitor. The duration of discharge
1s controlled by a variable restrictor within the device which
controls how quickly the discharged gas of the pneumatic
capacitor 1s exhausted into the atmosphere. When the pneu-
matic capacitor pressure drops to a speciiied level, the valve
of the pressure pulmonary modulator closes, and the pneu-
matic capacitor begins to be charged by the continuous flow
of gas; thus the cycle 1s repeated indefinitely.

In the first embodiment, the pressure pulmonary modu-
lator apparatus essentially comprises a dual area piston
having a surface area that rests against an interior end of a
primary port, thus sealing the primary port during charging
of the pneumatic capacitor. The dual area piston comprises
a primary areca defined as the area exposed to the pneumatic
capacitor during charging when the piston is 1n the closed
position, and a much larger area which comprises the entire
arca of the piston which 1s in fluid communication with the
pneumatic capacitor only during discharge or when the
piston 1s 1n the open position. When the dual area piston 1s
closed, 1t prevents compressed gas from escaping and caus-
ing the pneumatic capacitor to become charged by the
incoming compressed gas. During charging, the pressure 1n
the pneumatic capacitor increases until the force of the
pressure on the primary area of the dual area piston over-
comes the restorative force of the piston. Once the dual arca
piston begins to open, the full area of the piston 1s exposed
to the pressure of the pneumatic capacitor causing the piston
to move away from the mterior end of the primary port to a
fully open position almost immediately. When the piston
fully opens, 1t seals against piston relief holes. The pneu-
matic capacitor pressure that causes the piston to move into
the fully open position 1s the pneumatic capacitor’s peak
pressure, which 1s adjustable by controlling the restorative
force on the piston. Once the piston opens, 1t will remain
open until the pneumatic capacitor’s pressure drops to a
value small enough such that the force of the spring over-
comes the force of the pneumatic capacitor pressure on the
full area of the piston. During discharge, the exhaled gases
pass by the piston and out of the system through an adjust-
able flow restrictor used to control the rate at which dis-
charged gases are vented i1nto the atmosphere, resulting in
the control of discharge duration. Once the pneumatic
capacitor’s pressure drops to a value low enough to allow the
force of the spring to push the piston closed, the discharge
ends and the cycle 1s repeated.

In the first embodiment of the invention in which the
patient serves as the pneumatic capacitor, the patient may
spontaneously breathe by triggering inhalation prior to the
beginning of exhalation. A one-way valve may optionally be
provided to increase the ease of the patient’s inhalation.
Under such circumstances, a new inhalation will start when
the patient breathes in, reducing the patient’s airway pres-
sure and causing the piston to close and a new inhalation
period to start. In addition, the apparatus can be adapted to
function as a positive pressure acrosol device by attaching a
nebulizer assembly to the primary port of the apparatus.
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Such a device 1s useful to those needing the therapeutic
cilects of aerosol 1n addition to ventilatory support.

In the second embodiment where the pressure pulmonary
modulator apparatus 1s 1in fluild communication with a
mechanical pneumatic capacitance, the pressure pulmonary
modulator apparatus can be coupled with a nebulizer to
deliver both a medication acrosol and high frequency bursts
of compressed gas. In such a configuration, when a patient
inhales through a mouthpiece, he or she entrains air from a
nebulizer, which may be equipped with an air entrainment
port, and receives a large dose of aerosolized water and
Albuterol Sulfate or any other medication deemed clinically
appropriate. During exhalation, the patient triggers high
frequency bursts of gas. If desired, the device may also be
configured to deliver high frequency bursts of gas during
other phases of the respiratory cycle. The delivery of aerosol
and the high frequency airway oscillations are frequently
called an intrapulmonary treatment, and has been shown to
help mobilize patient lung secretions and fluids. It 1s worth
noting that the second embodiment of the invention could be
configured to deliver high frequency ventilation 1f desired.
Additionally, by increasing the volume of the pneumatic
capacitor and placing a fixed or variable restrictor between
the pressure pulmonary modulator apparatus and the pneu-
matic capacitor, the second embodiment of the mvention
could be used to deliver volume ventilation at lower fre-
quencies.

An object of the invention 1s to provide a simplified
ventilator apparatus for providing constant flow, pressure
cycled ventilatory support to children and adults 1n an
emergency situation.

Another object of the mvention 1s to provide a ventilator
apparatus which 1s disposable and inexpensive.

Another object of the mvention is to provide a ventilator
apparatus which allows for the adjustment of peak pressure,
positive end expiratory pressure, imspiration duration, and
expiration duration.

Another object of the mvention 1s to provide a ventilator
apparatus which can allow the patient to trigger mandatory
breaths or to breathe spontaneously.

Another object of the mvention is to provide a ventilator
apparatus which allows inhalation to be initiated by the
operator of the apparatus.

Another object of the mvention 1s to provide a ventilator
apparatus which can be equipped, or have a built-in high
pressure pop-oil valve as a safety feature to prevent the
unintended build up of patient arrway pressure due to
malfunction or misuse. Such a high pressure pop-off valve
may be equipped with the means to produce an audible tone
which will notity an operator that the patient 1s experiencing
high airway pressures.

Another object of the mvention 1s to provide a ventilator
apparatus which can be easily used 1n conjunction with a
nebulizer to deliver intermittent positive pressure aero-
solized medication to the patient at high and low respiratory
rates.

Another object of the mvention 1s to provide a ventilator
apparatus which can deliver ventilatory support to patients
being transported within or in between hospitals.

Another object of the mvention 1s to provide a ventilator
apparatus which can be used to treat patients suffering from
sleep apnea.

Another object of the mvention 1s to provide a ventilator
apparatus which can be used with a manual resuscitator to
insure that consistent ventilatory support 1s being delivered
to the patient.
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Another object of the invention 1s to provide a ventilator
apparatus which can provide to a patient high frequency
bursts of gas.

Yet another object of the invention 1s to provide a venti-
lator apparatus which can be adapted to function as an
intrapulmonary percussive therapy device.

Further objects and advantages of the invention will be
brought out 1n the following portions of the specification,
wherein the detailed description 1s for the purpose of fully
disclosing preferred embodiments of the invention without
placing limitations thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be more fully understood by reference
to the following drawings which are for illustrative purposes
only:

FIG. 1 1s a perspective view of the pressure modulator
apparatus 1n accordance with the present invention.

FIG. 2A and FIG. 2B are an exploded perspective view of
the apparatus shown 1n FIG. 1.

FIG. 3 1s an exploded perspective view of the apparatus
shown 1n FIG. 1 and a patient tee adapter in accordance with
the mvention adapted to function as a resuscitation device
with a face mask shown 1n phantom.

FIG. 4 1s an exploded perspective view of the patient tee
adapter shown 1 FIG. 3.

FIG. 5 1s an exploded perspective view of the apparatus
shown in FIG. 1 and a nebulizer in accordance with the
invention adapted to function as a positive pressure aerosol
device.

FIG. 6 A and FIG. 6B are an exploded perspective view of
a percussive therapy device 1n accordance with the invention
using the nebulizer shown 1 FIG. 5.

FIG. 7 1s an exploded perspective view of an assembly for
percussive therapy using a two port embodiment of the
apparatus shown 1n FIG. 1 coupled to the percussive therapy

device shown 1n FIG. 6A and FIG. 6B.

FIG. 8 1s a side elevation view of a diaphragm as an
alternative embodiment to the piston shown 1 FIG. 2A and

FIG. 2B.

DETAILED DESCRIPTION OF THE
INVENTION

Referring more specifically to the drawings, for illustra-
five purposes the present invention i1s embodied in the
apparatus generally shown in FIG. 1 through FIG. 8. It will
be appreciated that the apparatus may vary as to configura-
tfion and as to details of the parts without departing from the
basic concepts as disclosed herein.

Referring first to FIG. 1, FIG. 2A and FIG. 2B a constant

flow, pressure modulator apparatus 10 in accordance with
the preferred embodiment of the present mvention 1s gen-
erally shown. As will be seen, the apparatus comprises a
spring-loaded piston 12, a primary port 14, a tlow restrictor
port 16, a pressure dial 18, a rate dial 20, a housing 22 and
a base 24. The apparatus of the preferred embodiment 1s
fabricated almost completely of injection molded plastic.

Piston 12 1s normally biased 1n a closed position wherein
the piston face 26 rests against the interior end 28 of primary
port 14. A spring 30 1s located around a piston stem 32 which
maintains spring 30 1n a substantially perpendicular orien-
tation relative to piston face 26. External threads 34 on
pressure-dial 18 engage mternal threads 36 within the pres-
sure dial boss 38, which 1s located atop housing 22. Rotating
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pressure dial 18 causes pressure dial 18 to move longitudi-
nally relative to piston face 26, thereby increasing the
compressive force on spring 30 as pressure dial 18 1s moved
closer to piston face 26. Pressure dial 18 therefore allows
adjustment of the compressive force of spring 30 against
piston 12. Piston face 26 moves longitudinally within a
cylindrical sleeve 40 located within housing 22 and 1s 1n
flow connection with a chamber 42 within housing 22.
Piston relief holes 43 at the top of cylindrical sleeve 40
prevent entrapped air from retarding the upward motion of
piston 12 within cylindrical sleeve 40 as the piston moves to
the fully open position.

A ring 44, and a seal 46 which 1s preferably made of a
polyethylene or like material, snap on to piston 12 and serve
to seal piston 12 within cylindrical sleeve 40. When piston
12 1s 1n the fully open position, piston face 26 1s spaced apart
from 1nterior end 28 of primary port 14. Seal 46 extends
beyond the diameter of piston 12 and ring 44 holds seal 46
in place onto piston 12. Seal 46 prevents gases from passing
around piston face 26 and exiting chamber 42. Piston stem
32 travels 1n axial channel 48 located within pressure dial
18. The piston has a 45° chamfer 50 around its circumfer-
ence which orients the flaps 51 of seal 46 so that flaps 51
overlap around the circumierence of piston 12, providing
some self-sealing when pressurized. Use of ring 44 and seal
46 around piston face 26 allows for looser tolerances
between the outer diameter of piston 12 and the inner
diameter of cylindrical sleeve 40, thus making the device
casier to manufacture, more consistent and reliable.
Although the preferred embodiment discloses a spring-
loaded piston 12 to provide a restoring force to seal 1nterior
end 28 of primary port 14, 1t should be apparent to those
skilled 1n the art that other means could be employed for this
purpose, examples of which may include, but are not limited
to the following: a compressed air spring; a sealed dia-
phragm; a balloon; an expandable chamber; a rigid chamber
with compressed air and bellows.

Flow restrictor port 16 1s located within housing 22 and 1s
in flow connection with chamber 42. Rate dial 20 allows for
adjustment of the rate of gas escaping from chamber 42 to
the atmosphere, and adjusting rate dial 20 allows control of
a patient’s exhalation duration. An annular flow restrictor
valve seat 52 1s located within flow restrictor port 16. Flow
restrictor valve seat 52 functions 1n conjunction with tapered
mner end 35 of rate dial 20 to restrict gas from passing
through flow restrictor port 16. Slots 54 1n rate dial 20 have
a much larger cross-sectional areca than flow restrictor port
16 at 1ts largest setting and poses little restriction to flow.
The restricting area between flow restrictor valve seat 52 and
the tapered inner end 55 of rate dial 20 1s adjustable by
positioning rate dial 20 axially through use of external
threads 56 on rate dial 20 which engage internal threads 58
within the rate dial boss 60, whereby rotating rate dial 20
causes tapered mner end 55 to move longitudinally relative
to flow restrictor valve seat 52. Flow restrictor valve seat 52
and tapered inner end 55 at the mner end of rate dial 20
functions similar to a needle valve to create a restrictive
annular region to restrict the flow of gas therethrough. Slots
54 remain of constant cross-sectional area throughout the
adjustment range of rate dial 20. Use of tapered mner end 55
and annular valve seat 52 provides for a sensitive adjustment
of gas flow resistance. Although the preferred embodiment
discloses using a tapered mner end 55 of rate dial 20 with
slots 54 therein along with flow restrictor valve seat 52 to
restrict gas flow therethrough, those skilled in the art would
recognize that other means for providing adjustable gas flow
resistance exist.
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During the pneumatic capacitor charging period, piston
face 26 rests against interior end 28 of primary port 14. This
constitutes piston 12 being 1n a closed position. An O-ring
62 located within a groove 64 circumscribing interior end 28
of primary port 14 provides an airtight seal when piston face
26 rests against interior end 28 of primary port 14. While
piston face 26 1s resting against iterior end 28 of primary
port 14, the force of the pneumatic capacitor pressure on
piston face 26 1s equal to the product of the pneumatic
capacitor’s airway pressure and the area circumscribed by
O-ring 62. As the pneumatic capacitor inflates, the pneu-
matic capacitor’s pressure will increase until the force of the
patient’s airway pressure on piston face 26 overcomes the
compressive force of spring 30, which causes piston 12 to
open (when piston face 26 moves away from interior end 28
of primary port 14). Once piston 12 begins to open, com-
pressed gas from the pneumatic capacitor enters chamber 42
and rushes toward flow restrictor port 16 where the passage
of gas through tflow restrictor port 16 1s restricted by annular
flow restrictor valve seat 52 and tapered inner end 35 of rate
dial 20. This gas restriction causes the pressure in the
chamber to quickly rise to the pressure of the pneumatic
capacitor, thus applying force to the entire area of the piston
face 26 and causing piston 12 to move up to a filly open
position (when piston 12 is at the top of cylindrical sleeve
40). When piston 12 fully opens, it causes ring 44 to seal
against piston relief holes 43.

The pneumatic capacitor pressure that causes piston 12 to
move 1nto the fully open position 1s the pneumatic capaci-
for’s peak pressure and 1s immediately followed by dis-
charge of the pneumatic capacitor. Once piston 12 opens, 1t
remains open until the pneumatic capacitor pressure drops to
a value low enough such that the restorative force of spring
30 on piston 12 overcomes the force of the pneumatic
capacitor pressure, which 1s the product of the pneumatic
capacitor pressure and the full frontal area of piston face 26.
At this point, the piston 12 closes and discharge ends. The
cycle 1s then repeated. Note that discharge time 1s adjustable
by varying gas restriction. The pneumatic capacitor pressure
when piston 12 closes 1s the pneumatic capacitor’s baseline
discharge pressure. When applied 1n the configuration where
the patient serves as the pneumatic capacitor, the pressure
when the piston 12 closes corresponds to the positive end
expiratory pressure (PEEP).

Although not necessary or optimum for function, it 1s
recognized that a means for preventing gas from flowing
during discharge may be accomplished by using the stem of
the piston as an actuator or such means as adding some other
pressure sensing and actuating means to stop Incoming gas
from flowing during discharge, which 1s not used by the
pneumatic capacitor. Although such a feature would
decrease the amount of gas required to operate the apparatus,
it would 1ncrease the complexity of the apparatus.

Referring also to FIG. 3 and FIG. 4, pressure modulator
apparatus 10 and a patient adapter 66 are shown combined
together to function as an automatic resuscitator or ventilator
78. Here, the patient effectively acts as the pneumatic
capacitor. Patient adapter 66 1s attached to primary port 14
of pressure pulmonary modulator apparatus 10 via attach-
ment port 68. Patient adapter 66 1s equipped with a pop-oft
valve 70, a patient demand valve 72, a gas 1nlet port 74 and
a patient connection port 76. The combination of pressure
modulator apparatus 10 and patient adapter 66 scrves as a
resuscitator 78.

Gas 1nlet port 74 allows connection to a source of com-
pressed gas (not shown), such as compressed air or oxygen.
The compressed gas source 1s attached to gas inlet port 74
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using a DISS connector (not shown). Internal to gas inlet 74
1s an orifice sized to ensure that for an approximate 50 psig
compressed gas source, the flow will not exceed approxi-
mately 40 liters/minute. Typically, the compressed gas
would consist entirely of 100% compressed oxygen but a
clinician may use any type of compressed gas as deemed
appropriate. The compressed air or oxygen 1s delivered
directly to the patient for inhalation.

Patient demand valve 72 1s a one-way valve, comprising
of a flapper 80 placed between a one-way valve port 82 and
a valve body 84, which allows air to be entrained from the
room environment. Patient demand valve 72 allows the
patient to draw 1n more air than that which 1s being con-
tinuously supplied to patient adapter 66 through gas inlet
port 74 from the compressed gas source, thus giving the
patient not only the means to initiate the beginning of
inhalation but also the duration. In the preferred
embodiment, patient demand valve 72 has a very low
resistance to flow, which 1s on the order of approximately 3.5

cm H,O@>50 liters/minute.

Patient connection port 76 allows a connection of a
breathing mask 86 or an endotracheal tube (not shown)
which the patient wears during the breathing process asso-
clated with resuscitator 78. Because the piston 12 is closed
during 1inhalation, all incoming gas 1s delivered to the patient
through patient connection port 76. In the preferred
embodiment, patient connection port 76 has a 22 mm OD for
connection to PEEP masks (not shown) and a 15 mm ID for
connection to endotracheal tubes.

Pop-off valve 70 provides a safety feature to prevent the
patient airway pressure from exceeding any set value. Pop-
off valve 70 1s biased by spring 88 and equipped with a
scaling O- rmg 90. Pop-off valve 70 opens anytime the
patient’s airway pressure exceeds a preset value. Pop-off
valve 70 has a stem 92 which travels within an axial tube 94
within end cap 96. Pop-off valve 70 can also be equipped
with a means to create an audible tone and a visual signal
when the valve 70 1s opened.

When 1nhalation pressure reaches that which 1s dialed on
pressure dial 18, piston 12 moves to the fully open position,
as discussed above. In the preferred embodiment, the ratio of
the pneumatic capacitor’s peak pressure to the pneumatic
capacitor’s baseline pressure 1s 10:1, which 1s consistent
with the ratio of the full surface area of piston face 26 and
the surface area circumscribed by O-ring 62. Pressure dial
18 and pulmonary modulator spring 30 are designed so that
the resuscitator delivers a maximum pneumatic capacitor
peak pressure of approximately 55 cm H,O and a minimum
pneumatic capacitor peak pressure of approximately 20 cm
H,O, although this 1s not the physical limit of the apparatus.
Pop-off valve 70 1s designed to relieve pressure if the
patient’s airway pressure rises above approximately 60 cm
H,O.

It will be appreciated that patient adapter 66 may also
include a dump valve which 1s 1n fluid connection with the
patient’s airway, thus allowing for the quick discharge of
ecxhaled gas when opened and, when re-closed, allowing for
quick restart of 1nhalation.

Referring also to FIG. § and FIG. 6A, pulmonary modu-
lator apparatus 10 can be adapted to function as a positive
pressure acrosol device 98, wherein a nebulizer assembly
100 1s attached to primary port 14 of pulmonary modulator
apparatus 10. Such a device functions 1dentically as previ-
ously described with a nebulizer assembly 100 replacing
patient adapter 66, and 1s useful for providing to people the
therapeutic effect of aerosol 1n conjunction ventilatory sup-




6,067,984

9

port or treatment. Nebulizer assembly 100 generally com-
prises a top cover 102 having a mouthpiece 104, an air
entrainment port 106, a one-way air demand valve assembly
108, a reservoir 110 with a primary orifice 112 located
therein, and a baffle 114 with a secondary orifice 116. In this
coniliguration, there 1s no pop-off valve and the patient
breathes through mouthpiece 104.

Top cover 102 includes a nebulizer chamber 118 located
beneath, one-way demand valve 108 built into the upper
portion of the top cover 102, and an elbow receptacle 120
which allows nebulizer assembly 100 to be attached to
primary port 14 of the pulmonary modulator apparatus 10
via an elbow connector 122. One-way demand valve assem-
bly 108 permits air to be entrained into positive pressure
acrosol device 98 as may be desired during use by the patient
but does not allow any gas pressure to escape externally.
Demand valve assembly 108 includes a cylindrical valve
body 124 1mserted 1nto an air entrainment port 106 located
adjacent the upper portion of top cover 102. A flapper 126
1s 1serted 1nto air entrainment port 106 between top cover
102 and valve body 124. Demand valve assembly 108,
clbow receptacle 120 and mouthpiece 104 are 1n fluid
communication with nebulizer chamber 118 and reservoir

110.

Reservoir 110 1s attached to base 128 of top cover 102 by
an airtight sealing means, such as a glue sealant or the like.
Baftle 114 and secondary orifice 116 are located between
nebulizer chamber 118 and reservoir 110. The primary 112
and secondary 116 orifices are in fluid communication with
nebulizer chamber 118 and are located 1n series with each
other, with secondary orifice 116 being above primary
orifice 112. Reservoir 110 stores the fluid to be aerosolized
when the patient inhales through mouthpiece 104, and 1n this
configuration, also includes a barb (not shown) on the
underside of reservoir 110. The barb allows for connection
of nippled oxygen tubing which 1s commonly used in
hospitals to supply compressed gas. Those skilled 1n the art
will appreciate that many different nebulizers and pneumatic
arrangements may be used to perform the same function.

Referring also to FIG. 6B and FIG. 7, pressure modulator
apparatus 10 can be adapted to function as a percussive
therapy device (PTD) 130. Here, pressure modulator appa-
ratus 10 1s attached to outlet 156 of pneumatic capacitor
assembly 132 via primary port 14 on pressure modulator
apparatus 10. Elbow receptacle 120 of nebulizer assembly
100 1s connected to pressure modulator apparatus 10 using
clbow connector 122 attached to a secondary port 134 on
pressure modulator apparatus 10 for this configuration.

Percussive therapy device 130 delivers both a medication
acrosol and high frequency bursts of compressed gas. When
a patient inhales through mouthpiece 104, the patient
entrains air through air entrainment port 106 and receives a
large dose of aerosolized water and Albuterol Sulfate (or any
other medication deemed clinically appropriate). During
cxhalation, the patient triggers high frequency bursts of air
that oscillate at frequency up to approximately 25 Hz and at
a peak pressure up to approximately 120 cm H,O. The
delivery of aerosol and the high frequency airway oscilla-
tions help mobilize patient lung secretions and fluids.

PTD 130 functions by receiving compressed gas, typi-
cally above approximately 15 psig, through compressed gas
inlet 136. Compressed gas 1nlet 136 1s built into pneumatic
capacitor top 138 and supplies compressed gas through a
channel 142 within pneumatic capacitor top 138 to pneu-
matic capacitor assembly 132 as well as to primary orifice
112 within nebulizer reservoir 110. A choke 140 is located
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within a choke tube 144. The fluid communication of choke
140 and primary orifice 112 1s accomplished by having a gas
inlet (not shown) beneath nebulizer reservoir 110 that is
pressed and glued into choke tube 144 of pneumatic capaci-
tor top 138 which 1s equipped with a port 146. In the
preferred embodiment of PTD 130, choke 140 preferably
has three times the cross sectional area of primary orifice
112. This ensures that approximately 75% of the incoming,
cgas flow goes to pneumatic capacitor assembly 132 and
approximately 25% goes to nebulizer assembly 100. Pneu-
matic capacitor assembly 132 1s a pneumatic energy storage
device 1n which a given amount of pressure will create a
volume displacement, thus storing fluid energy.

Pneumatic capacitor assembly 132 comprises a pneumatic
capacitor top 138, a pneumatic capacitor bottom 148, a
pneumatic capacitor spring 150, and a pneumatic capacitor
piston 152. Pneumatic capacitor piston 152 1s located within
pneumatic capacitor bottom 148 and forms a variable dis-
placement chamber 154 when pneumatic capacitor top 138
1s attached onto pneumatic capacitor bottom 148. In the
preferred embodiment, pneumatic capacitor piston 152 1s of
identical design as pressure modulator piston 12. The vol-
ume above pneumatic capacitor piston 152 and below pneu-
matic capacitor top 138 represent the volume 1n which the
pneumatic energy 1s stored. As the pressure 1n this volume
1s 1ncreased, a volume displacement occurs through the
pressure acting on the top of pneumatic capacitor piston 152
which 1 turn, pushes against pneumatic capacitor spring
150. Piston 152 has a maximum length of free travel which
places a maximum limit on the displaced volume of approxi-
mately 75 ml. The pneumatic volume 1s m fluid communi-
cation with pneumatic capacitor choke 140 and pneumatic
capacitor outlet 156, which 1n turn 1s in fluid communication
with primary port 14 of pressure modulator apparatus 10.

The pressure modulator apparatus 10 used with PTD 130
1s of 1dentical design as that used with resuscitator 78 and
positive pressure aerosol device 98, except for two minor
variations: (1) pressure spring 30 typically has a much
higcher spring rate and consequently opens at higher
pressures, and (2) pressure modulator apparatus 10 1s
equipped with a secondary connection port 134. It should be
noted that any number of different springs can be used to
accomplish different pulmonary etfects. When pressure
modulator piston 12 1s closed, pneumatic capacitor choke
141 1s delivering gas to the pneumatic capacitor causing the
pressure to rise and volume to be displaced. When the
pressure mside PTD 130 becomes high enough, the forces
on pressure modulator piston 12 will be high enough to
overcome the restoring force of pressure modulator spring
30, at which point pressure modulator piston 12 moves to the
fully open position and remains there until the pressure in
modulator chamber 42 drops to a value low enough that it 1s
overcome by the restoring force of spring 30. Gas escapes
through modulator primary port 14 which has a restriction
such that pneumatic capacitor assembly 132 1s allowed time
to empty almost its entire volume quickly. During
exhalation, this cycling of pneumatic capacitor piston 152
and pressure modulator piston 12 occurs at a frequency up
to approximately 25 Hz depending on the rate of incoming
flow to pneumatic capacitor assembly 132, the restoring
force of pressure spring 30, and the setting of rate dial 20
which controls the resistance to exiting flow and the exha-
lation flow of the patient. These settings also control the
peak pressure experienced by the patient each cycle. In the
preferred embodiment of PTD 130, the restoring force of
pressure spring 30 and rate dial 20 will be kept constant and
the patient or clinician will adjust the frequency and ampli-
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tude by simply adjusting the incoming flow. The total tlow
ranges between approximately 35 L/min to 60 L/min with
peak pressure up to approximately 120 cm of H,O and
frequency up to approximately 25 Hz, respectively. Approxi-
mately 25% of the total flow 1s continuously going to the
nebulizer assembly 100.

During inhalation, the patient entrains air through nebu-
lizer air entrainment port 106, which channels the incoming
air through the nebulizer assembly 98, dramatically increas-
ing the aecrosol inhaled by the patient. Typically, the modu-
lator will not cycle during 1nhalation because the pressure of
the patient’s inhalation on the full area of the piston com-
bined with the restoring force 1s greater than the pneumatic
capacity pressure force. It 1s a distinct advantage of PTD 130
that 1t cycles primarily during exhalation because 1t insures
that during the time the mucus 1s bemng mobilized, the
average speed of gas 1n the lungs 1s directed out and not into
the lung. In the event that cycling during other phases of the
respiratory cycle were beneficial, PTD 130 could be con-
figured 1n that manner as well. It 1s also 1important to note
that PTD 130 1s a high frequency ventilator of sorts and that
a type of volume ventilator may be created by simply taking
the currently described PTD 130 and drastically increasing
the volume of the pneumatic capacitor. Although such a
device would be significantly bulkier, and would not nec-
essarily need the nebulizer, 1t 1s not known how well such a
modification would function with spontancously breathing
patients.

FIG. 8 illustrates a sealed diaphragm and valve assembly
156 as alternative means to provide a seal to imnterior end 160
of primary port 162 and the restorative force required for the
valve to overcome the pneumatic capacitor’s pressure during,
exhalation, thus sealing interior end 160 of primary port 162.
A dial 166 1s located atop the sealed diaphragm 168. Dial
166 has external threads 170 which threadably engage
internal threads 172 on the housing 174 such that rotating
dial 166 causes it to move longitudinally relative to housing
174. Dial 166 1s engaged within housing 174 to the extent
that it abuts the top 176 of sealed diaphragm 168, whereby
rotating the dial 166 1n one direction causes 1t to compress
diaphragm 168 and rotating 1t in another direction causes it
to decompress diaphragm 168. Thus, dial 166 allows adjust-
ment of sealed diaphragm’s 168 1nternal pressure. Although
this configuration illustrates interior end 160 of primary port
162 having a tapered seat 178 which mates with valve 164
to seal the interior end 160 of primary port 162, any similar
means of sealing interior end 160 of inlet port 162 will
suffice. Valve 164 1s circumscribed by a groove 180 within
which an O-ring 182 1s fitted. When diaphragm 168 1s 1n the

closed position as shown, O-ring 182 rests against the
tapered seat 178.

Although the description above contains many
specificities, these should not be construed as limiting the
scope of the invention but as merely providing illustrations
of some of the presently preferred embodiments of this
invention. Thus the scope of this invention should be deter-
mined by the appended claims and their legal equivalents.

What 1s claimed 1s:

1. An apparatus for modulating airway pressure of a
patient, comprising:

(a) a chamber;

(b) a port having an interior end and an exterior end, said
mterior end 1n flow communication with said chamber;

(¢) a valve, said valve including a first actuation area in
flow communication with said port when said interior
end 1s closed by said valve, said valve including a
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second actuation area 1n flow communication with said
port when said 1nterior end 1s open, said first actuation
area being less than said second actuation area, wherein
said valve 1s configured to open and close by changes
in flow pressure applied to said port, and wherein the
pressure required to open said valve 1s greater than the
pressure required to hold said valve open; and

(d) a biasing member that provides a restorative biasing
force on said valve, wherein said valve 1s normally
biased 1 a position wherein said port 1s closed, and
wherein said pressure applied to said port opposes said
restorative biasing force.

2. An apparatus as recited 1n claim 1, further comprising

a flow restrictor on said chamber and 1n flow communication
with said port when said interior end of said port 1s open.

3. An apparatus as recited 1 claim 2, wherein said tlow

restrictor comprises:

(a) a flow restrictor port; and

(b) a dial, said dial including an inner end and an outer
end, said mner end engaged within said flow restrictor
port and capable of axial movement within said flow
restrictor port, said mner end 1n fluid connection with
said outer end.

4. An apparatus as recited in claim 1, further comprising,
means to adjust the restorative force provided by said
biasing member on said valve.

5. An apparatus as recited 1n claim 1, wherein said valve
COMPriSEs:

(a) a piston assembly, said piston assembly including a
piston with a piston face, said piston face positioned
adjacent said interior end so as to seal said 1nterior end;
and

(b) a sleeve, said sleeve located within said chamber,
wherein said piston assembly 1s engaged within said
sleeve, and wherein said piston i1s capable of recipro-
cating axial movement within said sleeve.

6. An apparatus as recited 1n claim 5, wherein said piston

assembly comprises:

(a) a spring, said spring biasing said piston face adjacent
said interior end; and

(b) a piston seal, wherein said seal is positioned circum-
ferentially about said piston face.

7. An apparatus as recited in claim 1, further comprising;:

(a) an adapter body;

(b) a connection port in fluid communication with said
adapter body, said connection port attached to said
exterior end of said port;

(¢) a gas inlet port in fluid communication with said
adapter body whereby a compressed gas source can be
attached to said adapter body; and

(d) a patient connection port in fluid communication with
said adapter body.
8. An apparatus as recited in claim 7, further comprising;:

(a) a one-way flapper valve, said flapper valve in fluid
communication with said adapter body, said flapper
valve capable of permitting airflow 1nto said adapter

body; and

(b) means to automatically release gas pressure from
within said adapter body.
9. An apparatus as recited 1n claim 1, further comprising
a nebulizer connected to said port.
10. An apparatus as recited in claim 9, wherein said
nebulizer comprises:

(a) a nebulizer cap, said cap further comprising a nebu-
lizer chamber, a mouthpiece and an elbow receptacle,
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saidd mouthpiece and said elbow receptacle m tluid
communication with said nebulizer chamber, said
clbow receptacle 1n fluid communication with said
chamber of said apparatus;

(b) a reservoir sealably attached to said cap, said reservoir
including a primary orifice, said primary orifice in fluid
communication with said nebulizer chamber; and

(¢) a baffle, said baffle located within said reservoir, said
baffle including a secondary orifice, said secondary
orifice 1n fluid communication with said nebulizer
chamber. and

(b) a pneumatic capacitor, said pneumatic capacitor in
fluid communication with said primary port.
11. An apparatus as recited in claim 1, further comprising:

(a) a second port, said second port in fluid communication
with said chamber; and

(b) a pneumatic capacitor, said pneumatic capacitor in
fluid communication with said first port, wherein said
valve opens and closes by changes 1n pressure applied
to said first port by said pneumatic capacitor.

12. An apparatus as recited 1n claim 1, wherein said flow
pressure applied to said port comprises a patient’s airway
pressure.

13. A positive pressure pulmonary modulator apparatus,
comprising;

(a) a chamber, said chamber including a sleeve;

(b) a port, said port having an interior end and an exterior

end, said interior end 1n flow communication with said
chamber;

(¢) a valve, said valve engaged within said sleeve and
capable of axial movement within said sleeve, said
valve imncluding a valve face wherein said valve face
has a larger surface area than said interior end of said
port, wherein the larger surface area provides a sec-
ondary actuation area, wherein said valve 1s configured
to open and close said port by changes in flow pressure
applied to said port, and wherein the pressure required
to mitially move the valve to open the port exceeds the
pressure required to be applied to the secondary actua-
tion area to retain the port 1n an open position; and

(d) a biasing member for providing a restorative biasing
force on said piston face adjacent to said interior end of
said port, wherein said biasing member 1s configured
such that said pressure applied to said port opposes said
restorative biasing force.

14. An apparatus as recited in claim 13, further compris-

ng:

(a) a flow restrictor on said chamber, said flow restrictor
in flow communication with said port when said valve
face 1s apart from said interior end of said port; and

(b) a patient adapter, said patient adapter 1n fluid connec-
tion with said port.

15. An apparatus as recited 1n claim 13, further compris-
ing means to adjust the amount of bias provided by said
biasing member.

16. An apparatus as recited in claim 14, further compris-
Ing:

(a) an adapter body;

(b) a connection port, said connection port located on said
adapter body, said connection port 1n fluid communi-
cation with said adapter body, said connection port
attached to said exterior end of said port of said
modulator apparatus;

(¢) a gas inlet port, said gas inlet port in fluid communi-
cation with said adapter body whereby a compressed
gas source can be attached to said patient adapter; and
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(d) a patient connection port, said patient connection port
in fluid communication with said adapter body.
17. An apparatus as recited 1n claim 16, further compris-
ng:
(a) a one-way flapper valve, said flapper valve in fluid
communication with said adapter body, said flapper
valve capable of permitting airflow into said adapter

body; and

(b) means to automatically release gas pressure from

within said adapter body.

18. An apparatus as recited in claim 13, wherein said flow
pressure applied to said port comprises a patient’s airway
pressure.

19. A positive pressure acrosol delivery device, compris-
Ing:

(a) a pulmonary modulator assembly, said pulmonary

modulator assembly comprising:

(1) a chamber, said chamber including a sleeve;

(i1) a port, said port having an interior end and an
exterior end, said interior end 1n low communication
with said chamber;

(i11) a valve, said valve engaged within said sleeve and
capable of axial movement within said sleeve, said
valve including a valve face wherein said valve face
has a larger surface area than said interior end of said
port, wherein the larger surface area provides a
secondary actuation area, wherein said valve 1s con-
figured to open and close by changes 1n flow pressure
applied to said port, and wherein the pressure
required to 1nitially move the valve to open the port
exceeds the pressure required to retain the port 1n an
open position;

(iv) a biasing member that provides a restorative force
for biasing said valve face adjacent said interior end
of said port, wherein said biasing member 1s config-
ured such that said pressure applied to said port
opposes said restorative force; and

(b) a nebulizer assembly, said nebulizer assembly in fluid

connection with said port.

20. An apparatus as recited 1n claim 19, further compris-
ing a flow restrictor on said chamber, said flow restrictor in
flow communication with said port when said valve face 1s
apart from said interior end of said port.

21. An apparatus as recited 1 claim 19, further compris-
ing means to adjust the amount of bias provided by said
restoring force means.

22. An apparatus as recited 1n claim 19, wherein said
nebulizer assembly comprises:

(a) a nebulizer chamber and a mouthpiece, said mouth-
piece 1n fluild communication with said nebulizer
chamber, said nebulizer chamber 1n fluid communica-
tion with said port of said pulmonary modulator assem-
bly;

(b) a reservoir sealably attached to said nebulizer
chamber, said reservoir including a primary orifice,
said primary orifice 1n fluid communication with said
nebulizer chamber; and

(c) a bafile, said baffle located within said reservoir, said
baffle including a secondary orifice, said secondary
orifice 1n fluid communication with said nebulizer
chamber.

23. An apparatus as recited 1 claim 19, wherein said tlow
pressure applied to said port comprises a patient’s arrway
pressure.

24. A percussive therapy device, comprising:

(a) a pulmonary modulator assembly, said pulmonary
modulator assembly comprising:
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(1) a chamber, said chamber including a sleeve;

(i1) a first port, said first port having an interior end and
an exterior end, said interior end 1n flow communi-
cation with said chamber;

(i11) a second port, said second port in fluid communi-
cation with said chamber;

(iv) a modulator valve, said modulator valve engaged
within said sleeve and capable of axial movement
within said sleeve, said modulator valve mcluding a
valve face wherein said modulator valve face has a
larger surface area than said interior end of said first
port, wherein said modulator valve has dual actua-
tion areas, and wherein flow pressure required to
initially move the modulator valve to open the first
port exceeds the pressure required to retain the first
port 1n an open position;

(v) a biasing member that provides a restorative force
for biasing said valve face adjacent said interior end
of said first port, wherein said biasing member 1s
configured such that said pressure applied to said
first port opposes said restorative force;

(b) a pneumatic capacitor coupled to said first port,
wherein said modulator valve 1s configured to open and
close by changes 1n said pressure applied to said first
port by said pneumatic capacitor; and

(c) a patient connection in fluid connection with said

second port.

25. An apparatus as recited 1n claim 24, further compris-
ing a tlow restrictor, said tlow restrictor 1n flow communi-
cation with said first port when said valve face 1s apart from
said interior end of said first port.

26. An apparatus as recited in claim 24, further compris-
ing means to adjust the amount of bias provided by said
biasing member.

27. An apparatus as recited in claim 24, further compris-
ing a nebulizer assembly connected to said second port.

28. An apparatus as recited in claim 27, wherein said
nebulizer assembly comprises:

(a) a nebulizer cap, said cap further comprising a nebu-
lizer chamber and a mouthpiece, said mouthpiece 1n
fluid communication with said nebulizer chamber, said
nebulizer chamber 1 fluild communication with said
first port of said pulmonary modulator assembly;

(b) a reservoir sealably attached to said cap, said reservoir
including a primary orifice, said primary orifice 1n tluid
communication with said nebulizer chamber;

(c) a hemispheric baffle, said baffle located within said
reservolr, said baffle including a secondary orifice, said

secondary orifice 1n fluid communication with said
nebulizer chamber; and

(d) a one-way valve, said valve located within said
nebulizer cap, said valve capable of entraining air into
said nebulizer chamber.

29. A positive pressure pulmonary apparatus, comprising;:

(a) a valve for closing off flow communication with an
inlet port to a patient airway, said valve capable of
being opened and closed, said valve including a first
actuating area capable of fluidly communicating with
said patient airway when said valve 1s closed, said
valve 1ncluding a second actuating area capable of
communicating with said patient airway when said
valve 1s open, wherein said first actuating area 1s of
lesser area than said second actuating areca, wherein
said valve 1s configured to open and close by changes
in flow pressure applied to said inlet port, and wherein
the pressure required to be applied to said first actuating
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arca to open said valve 1s greater than the pressure
required to be applied to said second actuating area to
hold said valve open;

(b) an outlet port in fluid communication with said inlet
port when said valve 1s open and not 1n flow commu-
nication with said patient airway when said valve 1s
closed; and

(¢) a biasing member that provides a restorative force
acting on said valve to bias said valve toward closure
in the absence of a force sufficient to maintain said
valve open, wherein said biasing member 1s configured
such that said pressure applied to said inlet port
opposes said restorative force.

30. An apparatus as recited 1n claim 29, wherein said
valve closes and inhalation begins at one pressure, thereby
inflating a patients lungs while concurrently causing the
alrway pressure to increase and causing said valve to open
and exhalation to begin at a second pressure, and wherein
cxhaled gases escape through said outlet port.

31. An apparatus as recited 1n claim 19, further compris-
Ing a patient connection port for the attachment of a breath-
ing mask or an endotracheal tube through which a patient
may receive gaseous fluids.

32. An apparatus as recited in claim 29, further compris-
ing a gas inlet for attachment of a gas source and delivery of
said gas to said apparatus.

33. An apparatus as recited 1n claim 29, wherein said flow
pressure applied to said inlet port comprises a patient’s
alrway pressure.

34. A constant flow, percussive therapy device, compris-
ng:

(a) a valve for closing off flow communication with a
pneumatic capacitor, said valve including multiple
actuation areas, said valve capable of being opened and
closed;

(b) wherein said pneumatic capacitor provides a pressure
acting to open said valve, said pneumatic capacitor
being in fluid communication with said valve actuation
areas, wherein said valve actuation area that 1s 1n fluid
communication with said pneumatic capacitor 1s less
when said valve 1s closed than when said valve 1s open,
wherein said valve 1s configured to open and close by
changes 1n flow pressure applied to said valve actuation
areas by said pneumatic capacitor, and wherein the
pressure required to be applied by said pneumatic
capacitor to open said valve 1s greater than the pressure

required to hold said valve open;

(c) a biasing member that provides a biasing force acting
in opposition to said opening pressure wherein said
valve closes 1n the absence of said opening pressure;

(d) a chamber, said chamber located within said pneu-
matic capacitor;

(¢) gas inlet for attachment of a gas source and delivery
of gas to said apparatus, said gas inlet 1n fluid commu-
nication with said pneumatic capacitor chamber, said
chamber capable of increasing 1n volume with
INCreases 1n pressure;

(f) a flow restrictor, said flow restrictor in fluid commu-
nication with said pneumatic capacitor when said valve
1s open and not in fluild communication with said
pneumatic capacitor when said valve 1s closed; and

(g) a patient breathing port, said port in fluid communi-
cation with said flow restrictor, said port 1n fluid
communication with said chamber when said valve 1s
open.

35. A device as recited 1n claim 34, further comprising an

acrosol producing device, said aerosol producing device 1n
fluid communication with said patient breathing port.
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36. A device as recited m claim 35, further comprising an
alr entrainment valve, said valve 1n fluild communication
with said patient breathing port, said valve providing one
way flow to allow gas to enter said percussive therapy device
when pressure within said percussive therapy device 1s less

than atmospheric pressure, said valve thereby preventing gas
from escaping said percussive therapy device when the

138

pressure within said percussive therapy device exceeds

atmospheric pressure.
37. A device as recited 1n claim 34, wherein said biasing

member comprises a spring.
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